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Traditional Search Engines

* Provide syntax-based text string search.

» Keywords from the content of the web-
pages are indexed.

* The basis for search is term matching
between the user’'s query and these
databases.
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The Problem

« Search query is broad and not scoped.

* Only one kind of resource is searched
(E.g., Web-documents).

« Semantics associated with the search
string are not captured.



Noesis

Noesis is an attempt to solve these issues
— Search only what you want (Search Scoping)

— Search everything that you want (Resource
aggregation)



Noesis Approach

* Noesis provides topic-based searches,
retrieving resources conceptually related
to the user’s need.

« Semantic information is captured in the
domain ontologies and is used for
providing context for the search process.



Noesis Approach (cont'd)

* Using domain ontologies, Noesis provides
a guided refinement of search query
producing successful searches and
reducing the user’'s burden to experiment
with different search strings.

* Semantics are captured by providing the
option to expand the query terms to
include suggested related concepts.



Noesis Algorithm

Noesis search engine uses a two step
algorithm.

— Query Analysis: Search query is broken down
to identify concepts that are defined in the
domain.

— Query Expansion: Related concepts are
added to the search string for Scoping the
search.



Ontology

* From Machine Learning/Artificial
Intelligence/Intelligent Systems perspective “an
ontology is a formal, explicit specification of a
shared conceptualization™ (Gruber, 1993).

* An ontology captures and encodes domain
knowledge of concepts, constraints and the
relationships among them, for use in a machine-
readable fashion.



Noesis Ontologies

Noesis uses two classes of ontologies.

Domain ontologies: These are the ontologies
used to describe concepts in a domain and their
relationships. Noesis uses a set of core
ontologies for describing concepts in
Atmospheric Science.

Application ontologies: Application ontologies
describe a domain with respect to a function
(E.g., A data archive). They enable flexible
qguerying by bridging the gap between semantic
concepts and the application specific
vocabulary.



Providing Semantics - Specializations

* Adding related concepts to the search term as
a way to provide semantic information.

* Ontologies are organized in tree like
taxonomies, where the child nodes represent the
specializations of a parent node.

* The first type of the related terms are
specializations (SP). They are used to expand
the search terms thus providing more detailed
search. For example:

— Search Term: “height
— Additional term(SP): “free-board”



Providing Semantics - Synonyms

« Synonyms are different terms that have the
same meaning. In ontological terms they are the
equivalent concepts.

* owl:equivalent-class allows linking two
syntactically different terms to one semantic
concept (synonyms).

* The second form of related concepts are

synonyms (SN). These include acronyms. For

Example:

e Search Term: ‘Albedo’
« Additional Term(SN): ‘Reflectance’



Providing Context

* In reality, every concept has a set of other
concepts, that are neither in the same
inheritance hierarchy nor equivalent, that tend to

co-exist.

 These are called the associated concepts and
they are captured in the ontology through the
property relationships.

« Associated concepts are the third type of related
terms (RT) and they provide the context for the

search query. For example

» Search Term: ‘Mesocyclone’
» Associated Term (RT): ‘Vorticity’




Semantics for Search Scoping

Specializations and related terms
for the search term (“Cyclone”)
presented to the user

Specializations

Related Terms

Refine Search
+Atmospheric Circula...
+Cyclone
- E Hurricane
-E Typhoon

Related Terms

+Phenomena

-] Rain

-0 storm

- cloud

-O Precipitation

- O occludedFront
+Property

- B Temperature
+Earthrealm

-O TropicalClimateZ...

+Process
- O rotation
+Substance

-O air
Add Additional Terms

Add
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storms. See trop
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Dr. Chris Land:
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Google
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nor'easters, ...
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Cyclone Micros:
Google

A user can start at a
general topic and
navigate to specific
topics by selecting
the related concepts
of interest.



Semantics for Search Scoping

Synonyms for the search
term (“Reflectance”)
presented to the user —

Refine Search

+Radiation- Medium |...

Synonyms +Reflectance Near
(PTFE
I Yahoo
[ Albedo .. s
- hemis
Add Additional Terms of PTF
http i
Add MNear

(PTFE



The Search

* The identified concepts from the query
string are used to search the Ontology
inference service (OIS) to get the related
concepts (SP,SN and RT).

 The obtained terms are used to search
other resources like Google, Yahoo etc

Search Query:(SP1.. SPn SN1..SPn RT1..RTn).



The Search (Cont'd)
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DataSet Interoperability

* Over Years, data formats have evolved from
different communities, thus making them limited
to the community and context.

« Semantically homogeneous data is archived as
syntactically heterogeneous data sets. For
example:

« DataSet1: Albedo
« DataSet2: Reflectance

« Semantic Interoperability between data
formats is required to make them usable across
communities.



Application Ontologies

Data archives are often catalogued with content
meta data to enable searching. But, users still
need to search for syntactically matching
keywords.

« Application ontologies describe a domain

with respect to function (i.e. Data archive).

Application ontologies enable flexible querying
by bridging the gap between semantic concepts

and the keywords.



Application Ontologies (Cont'd)

* An application ontology is added for every
new catalog (E.g.: CF-Ontology).

* This ontology annotates the terms used In
the catalog with the conceptual meanings.

* The concepts in this ontology are linked
with Core ontology (Modified SWEET)
through the owl:equivalentClass.



Noesis - Data Search
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Resource Aggregation

Noesis Is a meta search engine

— Meta Search Engines simultaneously search
multiple Open Web and Hidden Web
resources to provide increase search
coverage, efficiency and effectiveness.

— Searches for web-pages, data, education
material and Publications.



Resource Aggregation (Contd.)

Noesis uses the scoped search string to
fetch resources, through search web

services provided by third parties:

 Web: Yahoo, Google, Ask.com

« Data: NCDC, NCAR, NOAA, NASA GCMD, LEAD, IPCC
Model Ouput, LDEO

« Publications: AMS, Elsevier, Springer, RMS, Blackwell,
AGU

 Education: DLESE



Resource Aggregation (Contd.)

+ [ 2

+ [“]wreb
- Google
- Yahoo
- Ask.com

+ Data
- Bl LEAD Collates resources such as
- Eneoc web pages, data sets,

- @ oeo publications etfc.
- “Incar
- I NDAA
- [“I NasA coMD
- [“lipcc Model Output
+ [] Publications
- [4] ams
- Elsevier
- Springer
- [“I rMs
- [“] Bladanel
- [ asu
+ [v] Educatlon
¥l pLESE



Example — Step 1 (User Input)

NESIS

User types a search
term (‘Cyclone’)

Enter a term to search



Example — Step 2 (Query Refinement

User selects the related terms
to add to his search query

inercnangeanly.
inclement {often
storms. See trop

Refine Search

Specializations _—
+Atmospheric Circula...
+Cyclone FAQ : HURRICA
B s ST’OQ(I)ehris Land
: hds
- O typhoon shutter info., AON
Related Terms hitp i aom
SE R SMAT AT&T Labs Res
- D Rain G
oogle
-0 storm Cyclone is a pro
Related Terms -0 cioud rules out progra
-O Precipitation Harvard, ...
- [0 occludedFront http/fwwwv.rese
+P
_rge::mperature Cyclone Comim
+Earthrealm Hongis
-0 TropicalClimateZ... http:ifwanes. cyel o
+Process
- O rotation Cyclone - Wikips
+Substance Google
- O air Radar image of

cyclones are
nor'easters, ...
hitp:ffen.wikipe:

Add Additional Terms

_Add Cyclone Micros,
Google



Example — Web Results (Step 3

@O0

lumber of Results:
0

Relevant Results

Refine Search
tmospheric Circula...
+Cyclone

- E] Hurricane
-E Typhoon

‘elated Terms

Fhenomena

- O rain

= Storm

- cioud

-8 Precipitation

- [0 oceludedFront
Froperty

- = Temperature
Earthrealm

- = TropicalClimateZ...

Frocess

- [ rotation
Substance

- O Aair

dd Additional Terms

Add_

pr— Refined query

Definition:

An atmospheric cyclonic circulation, a closed circulation. A cyclone's direction of
rotation {(counterclockwise in the Northern Hemisphere) is opposite to that of an
anticyclone. WYWhile modern meteorology restricts the use ofthe term cyclone to
the so-called cyclonic-scale circulations, it is popularly still applied to the more
or less violent, small- scale circulations such as tornadoes, waterspouts, dust
devils, etc. {which may in fact exhibit anticyclonic rotation), and even, very
loosely, to any strong wind. The first use of this term was in the very general
sense as the generic term for all circular or highly curved wind systems.
Because cyclonic circulation and relative low atmospheric pressure usually
coexist, in common practice the terms cyclone and low are used
interchangeabhly. Also, because cyclones are nearly always accompanied by
inclement {often destructive) weather, they are frequently referred to simply as
storms. See tropical cyclone, extratropical cyclone; compare trough.

Search Results

worldwide tropical cyclone names
Google

hitpffwwaw . nhc.noaa.govabouthames.shiml

Tropical cyclone - Wikipedia, the free encyclopedia

Google

A hurricane or typhoon (sometimes simply referred to as a tropical cyclone, as
opposed to a depression or storm) is a system with sustained winds greater ...
hitp:fen.wikipedia.orgiwikifHurricane

MNawy hurricanes, typhoons, satellite images, forecasts, tracks

Google

NRL Monterey Marine Meteorology Division {Code 7500) Tropical Cyclone Page
er.4.13.0). Development Team ... Forecast by: National Hurricane Center ...
hitp: Ay nrlmry.navy. militc_pagesitc_home._html

Tropical Weather : Weather Underground

Google

CIRA's experimental tropical cyclone formation products University of
Wisconsin CIMSS tropical products ... Storm Advisories f Hurricane RSS feed! ...
hitp: A wunderground. comitropicals

Histarical Hurricane Tracks Home - NOAA Coastal Services Center

Google

Tropical Cyclone Reports: Access storm reporis written by hurricane specialists
at the National Hurricane Center. Reports are available for the Atlantic and ...
hitpfwww csc.noaa.govhurricane_trackss

Query: Cyclone + Hurrican
+ Storm

Querying Web
Search Engines

-er by Engine

+ Jan
+ [ web
- Google
- [l vahoo
- EAsk.com
+ [Jpata
- O vLeap
- Oneoe
-Ovroeo
- O nNcar
- O noaa
- O nasa cocmp
- [Jipcc Model Output
+ [J Publications
-Oams
- [ elsevier
- Springer
- O rms
- [ Bladanell
-Oacsu
+ [] Education
-OoLese



Example — Publications (Step 3)

Refine Search

yclone
“Hurricane

‘elated Terms

Fhenomena

- [ wing

- Storm

- cloud

- [ Rain

- E] Precipitation
Froperty

-0 Temperature
Earthrealm

- [E Atmosphere
Frocess

- [ Rotation
Substance

- air

dd Additional Terms

Add

Search Results

Increased

SpringerlLink

..sample. In terms of storm tracks, the high CO2 sample is quite similar to the
control. The mean radius of hurricane force winds is 2.

http:ivennw springerlink.comicontenthbvf25acjxufnfli?p=461e...

Voricity asymmetries in Hurricane Josephine (1984)

RMS

Author{s): ARNO GLATZ, ROGER K SMITH
hitpffoberon.ingentaconnect.comivi=883209/cl=21/mw="1/rpsvi~...

The detection of hurricane asymmetries from aircraft reconnaissance flight
data: Some simulation experiments

RMS

Author{s): ROGER K SMITH; ARNO GLATZ
hitp:ioberon.ingentaconnect.comivi=883209/cI=21/nw="1Jrpsvi~...

Symmetrization of lopsided voricity monopoles and offset hurricane eyes
RMS

Author{s): R PRIETO; JP KOSSIN; YWWH SCHUBERT
hitp:foberon.ingentaconnect.comivi=883209/cI=21/mw="1Jrpsvi~...

Angular momentum variation in a transl Reﬁned query usedfor
RMS 2 o

Author(s): STEVEN SKUBIS: JOHN MoL...  Publications search
http:ioberon.ingentaconnect.comivi=883209/cl=21/nw="1Jrpsvi~...

A numerical simulation of Hurricane Bret on 22-23 August 1999 initialized with
airborne Doppler radar and dropsonde data

RMS

Author(s): Olivier Nuissier; Robert F. Rogers; Frank Roux
http:fioberon.ingentaconnect.comivi=883209/cI=21mw="1J/rpswvi~...

Filter by Engine

+ [ an
+ DWeb

-0 Google
- Ovahoo
- [ ag.com

+ D Data

- OLeap

- O neoc

-ioeo

- O near

- O noaa

- [ nasa eCcMD

- Cipcc Model Output

+ Publications

- [ ams

- [4] Elsevier
- [ Springer
- [ Rrms

- [“] Bladawell
- acu

+[] Education

-OoLese



Example — Data Search (Step 3)

Refine Search

yclone
*Hurricane

“elated Terms

Fhenomena

- [ wind

- Storm

- [ ciloud

= D Rain

- l:] FPrecipitation
Froperty

- Temperature
Earthrealm

- l:] Atmosphere
Frocess

- [ rotation
Substance

-3 air

«dd Additional Terms

Add.,

Search Results

MNASA Atmospheric Infrared Sounder (AIRS) Imagery of Hurricane Rita
[NASA_AIRS_RITA]

GMCD

of Hurricane Rita. AIRS will show how the storm looks through an AIRS Infrared
window channel. Window channels measure the temperature ofthe cloud tops
or the surface ofthe Earth in cloud-free
httpfgcmd.nasa.govKeywordSearchiMetadata.do?Poral=GCMD &K ...

MNational Climatic Data Center's Weather Event Case Study Archive {(1991-2006)
[NCDC_Wwx_EVENT_ARCH]

GMCD

1992 ---- - Hurricane Andrew--August 1992... The March 1993 "Storm of the
Century” - Winter Precipitation in SWW Arizona--1992-1993

hittpJfgcmd. nasa.govKeywordSearchiMetadata.do?Porial=GCMD &K ...

COMET Case Study 003: Hurricane Erin 19895 Data 2
UCARJJOSSINOAASCODIAC [COMETOO3_UCAR_JOSS_MNOAA_CODIAC]

GMCD

This case contains data from Hurricane Erin as it affecte”

Filter by Engine

+ O an

+ [ web
-8 Google
- [Ovahoo
- [0 agccom

+ |:| D ata
- O Leap
- O nNepc
- [“LpED
- [ Ncar
- Fl Nnoaa
- F nasa comDp
- [Fipcc Model Output
] Publications
- O ams
- D Elsevier

| Springer

States in early August 1995, It includes data from Floric Mapped quet:y used IS

For more
httpfgcmd.nasa.govKeywordSearchiMetadata.do?Port:

A Case Study of Hurricane Andrew (August 16-27, 1992)
[VUC_HURRIC_ANDREYY]

GMCD

tropical depression on August 16, 1992 and became a hurricane 6 days later.
Andrew reached landfall in Southern Florida on August 24.
http:ffgcmd.nasa.goviKeywordSearchifMetadata.do?Poral=GCMD&K. ..

CD-ROM with METEOSAT Images and Sequence Images of Meteorological
Situations; Hurricane, Tropical Storm, Summer and Perturbed Spring Situation
[CD_METEOSAT_WEATHER_IN_MOTION_2]

GMCD

Following situations... summer situation (20 August-1 Septermber 1994) - The
hurricane ANDREWYY over the Caribbean
http:ffgcmd.nasa.goviKeywordSearchfMetadata. do?Poral=GCMD&K. ..

1998 Atlantic Tropical Storms: Views from the NOAA Satellites [CO0524)

GMCD

preliminary summary of the 1998 Atlantic Hurricane season. It provides a
synopsis of each named tropical storm, using textual information obtained from
the MNational

Iladanell

for data search AGU

+ |l Education
-OoLesEe
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